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SUMMARY
The photoheterotrophic bacter ium
Modobacter sphaeroídes can grow either
aerobically in the dark or anaerobically in the
light and under these conditions a proton motive
force (PMF) is generated by a linear or cyclic
electron transfer ghain, respectively. The PMF is
composed of a membrane potential @!) and a
pH gradient (A pg). This PMF can dupply the
driving force for a number of processes such as
ATP synthesis, motility and solute transport. In
the absence of electron f1ansfel R, sphaeroídes
maintains a significant membrane potential. The
origin of this anaerobic-dark potential is
unknown. Despite the presence of this membrane
potential, no PMF driven L-alanine transport
occurs. However, upon initiation of linear or
cyclic electron trausfer, PMF-driven solute
transport takes place that is accompanied by a
depolarization of the membrane potential.
Additional studies showed that also the lactose
carrier from .8. coli, cloned and functionally
expressed in R. sphaeroides 4Pt, was regulated in
the same way as the L-alanine transport system.
These observations led to the proposal that the
electron transfer chains in this organis6 function
not only as PMF generating systems but play also
a direct role in the regulation of solute transport
systems.
In this thesis this proposal was tested. [n
addition other possible regulatory mechanism such
as regulation by ATP (or a related high energy
phosphate bond) and regulation by the internal
pH were examined.
Previous studies were performed with whole
cells. In this study membrane vesicles have been
isolated from aerobically in the dark grown R.
sphaeroides 4P1. In these membrane vesicles
lactose transport can be studied without the
interference of metabolism and other cellular
processes. The relation between electron transfer,
PMF and lactose transport was investigated in
these membrane vesicles (Chapter 2). Electron
donors which can directly reduce cytochrome c
oxidase are most efficient in PMF generation.
The rate and maximal level of lactose
accumulation correlate chemiosmotically with the
magnitude of the PMF without the need to
invoke additional regulatory mechanisms. These
results indicate that either the observed regulation
of solute transport by electron transfer in whole
cells is lost in these membrane vesicles or that
the determined composition and magnitude of the
PMF in whole cells was not correct.
Previous work indicated that in addition to
electron 11ansfgs, Lalanine transport is strictly
dependent on the presence of K* ions in the
medium. In other bacteria i.e. E. colí, K* has
been shown to be involved in internal pH
regulation. Therefore the effects of K* ions on
the PMF rn R. sphaeroídes have been investigated
and special attention was paid to the pH gradient
(Chapter 3). The membrane potential under
anaerobic-dark conditions appeaÍs to be
generated by a K* diffusion potential which is
partially compensated for by a reversed pH
gradient (inside acidic) resulting in a low PMF
under these conditions. Depolarization of the
membrane potential upon initiation of linear or
cyclic electron transfer is caused by electrogenic
K* uptake, which leads to an increase of the pH
gradient (inside alkaline) thus resulting in a
constant high PMF under energized conditions. In
the absence of K* ions, the PMF is composed of
a large membrane potential and a small pH
gradient which becomes even reversed (inside
áaAic; at nlftalins pHs (pH
energized conditions cells can only maintain a
high inlsrnal pH when K* ions are present in
the medium. It is suggested that K+ plays a
central role in the regulation of the internal pH.
The actual transport mechanism sf l-alanine
is unknown. Therefore the properties of an L-
nlanins uptake system have been studied and
compared with those of H+/lactose symport in R.
sphaeroides 4P1 (Chapter 4). The experinents
have been performed with the non-metabolizable
analogues 2-cu-amino-isobutyric acid (AIB) and
methyl-p-D-thiogalactopyranoside (TMG) for L-
alanine and lactose, respectively. The transport
mechanism for AIB (L-alanine) appeared to be
basically different from that of the
H*ftMG(lactose) carrier. Uptake of AIB (L-
alaninine) is found to be mediated by a binding-
protein-dependent transport system. AIB uptake
but not TMG uptake is inhibited by vanadate
with an IC* of 50 pM, which s'rggests a role of
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a phosphorylated intermediate in AIB transport.
flansport of TMG by the lactose carrier is
observed under anaerobic-dark conditions in cells
and membrane vesicles indicating that the
1{+/lactose symport system is active in the
absence of electron transfer. Uptake of TMG and
AIB is regulated by the internal pH. The initial
rates of uptake increase with the internal pH
with plt values for TMG of 7.2 and, for AIB of
7.8. At an internal pH of 7, no AIB uptake
occurs while the rate of TMG uptake is only 30
% of the rate at internal pH of 8. The
dependence of solute transport in R. sphaeroides
on both K* and electron transfer chain activity
can now be explained by an effect of the internal
pH, which subsequently influences the activities of
the lactose and the binding protein-dependent L-
alanine transport system.
Adaptation of bacteria to fluctuations in the
osmolariry of their surrounding is crucial for their
survival. In order to grow cells must maintain
positive turgor which is an outward pressure
resulting from a cytoplasmic osmolarity which
exceeds that of the eKracellular milieu. Upon an
increase of the eKracellular osmolarity, solutes
such as amino acids and sugars are accumulated
to prevent dehydration of the cell.
Betaine (N,N,N-trimethylglycine) functions most
effectively as an osmoprotectant in osmotically
stressed R. sphaeroides cells during growth
aerobically in the dark and anaerobically in the
light (Chapter 5). The addition of choline to the
medium stimulates gowth at increased osmolarity
but only under aerobic conditions. Under these
conditions choline is converted via an oxygen
dependent pathway to betaine, which is not
further metabolized. In cells grown in media of
low or high osmolarity only one high-affinity
choline specific transport system (K: 2.7 pM)
can be detected. Only one kinetically
distinguishable low-affiniry betaine transport
system (K = 1.6 pM) is found in cells grown in
the low osmolarity minimnl medium as well as in
a high osmolarity medium gsataining 0.3 M NaCl.
The betaine transport system is activated upon an
increase of the osmotic strength of the medium.
This system is able to transport L-proline too,
but with a lower affinity than betaine. The
addition of choline or betaine to the gowth
media did not result in the induction of
additional transport systems.
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